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Abstract 
Extreme rainfall will increase the river flow and it can be triggered by regional and global atmospheric circulation. Objective of 
this study is to analyze the intensity of rainfall in Katulampa and its associated with the atmospheric circulation. We found that 
the extreme rainfall threshold in Katulampa is 67 mm in December-January-February (DJF) which is determined using 95% 
percentile method. The number of extreme rainfall events is 86 days during 1981 to 2013. The results showed that increasing of 
rainfall intensity in Katulampa is influenced by the Madden-Julian Oscillation (MJO) and cold surge. MJO and cold surge modify 
the transport of water vapor and triggering the formation of convective clouds over the Java Island. Phase 2,3,4 and 5 of MJO 
have the highest impact on increasing rainfall intensity in Katulampa which is characterized by Outgoing Longwave Radiation 
(190 - 210 W/m2). Meanwhile, the cold surge event has time lag about 1-2 days to increase the rainfall intensity in Katulampa. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
An increasing amount of attention has been given to atmospheric sciences such as the occurrences of weather and 
climate extremes. The occurrence of extreme events is influenced by climate variations on different time scales, 
which include intraseasonal oscillations, interannual variabilities and interdecadal changes [1, 2]. Weather and 
climate extreme events are often occurred in the tropical region including Indonesia. These conditions cause the 
complex system of atmospheric circulation in Indonesia maritime continent due to the influence of the monsoon. The 
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occurrence of monsoons are influenced by differential heating between the ocean and land leading to differences in 
the amount of water vapor. Anomalous of the monsoonal precipitation are affected by water vapor transport. Zhou 
and Yu [3] stated that the large amounts of water vapor have an impact on rainfall anomalies that occur in the region 
through the monsoonal winds. 
Rainfall in Katulampa dam in the west Java is influenced by the Asia-Australia monsoon [4]. The Asian monsoon 
coincided with cold surge events increase rainfall in the north of Java Island significantly [5]. Wu et al. [6] pointed 
out that the strong northerly wind events occurred five times over the South China Sea in 2007. This strongest  event 
enhances northerly wind blew across the equator, hence increasing rainfall over Java [6]. Research related to rainfall 
anomaly in Katulampa dam is needed to be assessed because Katulampa dam has an important role as the gates that 
keep the water flow from the Ciliwung Hulu watershed. Study of rainfall anomaly in Ciliwung Hulu watershed has 
done by Komeji [7]. He made a threshold extreme of Katulampa rainfall is 149 mm, which may cause flooding in 
Jakarta. 
Flood events in Jakarta cause huge economic losses. Bapennas [8] declared a total loss incurred when the Jakarta 
flood event in 2007 reached 5.16 trillion rupiah, with the potential economic loss reached 3.60 trillion rupiah. So, the 
objective of this study is to determine the extreme rainfall and analyzed the extreme rainfall events in Katulampa 
dam associated with the tropical atmospheric circulation. 
2. Methods 
The data used are the Katulampa daily rainfall data (06º 38'S, 106º 50'E, with elevation of 347 meters above sea 
level) from BPSDA Ciliwung-Cisadene 1981-2013, Katulampa daily discharge data from the Central of Ciliwung- 
Cisadane River Region 1992-2013, and five atmospheric parameters data as shown in Table 1 [9, 10]. 
Table 1. Atmospheric parameters data used for mapping. 
Data Type 
Resolution 
Source 
Temporal Spatial (o) 
Zoal wind Daily 2,5 x 2,5 
iridl.ldeo.columbia.edu/SOURCES 
/.NOAA/.NCEP-NCAR/.CDAS-1 
(Kalnay et al. 1996) 
Meridional Wind Daily 2,5 x 2,5 
Surface pressure Daily 2,5 x 2,5 
Specific humidity Daily 2,5 x 2,5 
Outgoing Longwave Radiation 
(OLR) 
 
 
Daily 
2,5 x 2,5 
iridl.ldeo.columbia.edu/SOURCES 
/.NOAA/.NCEP/.CPC/.GLOBAL 
(Liebmann dan Smith 1996) 
 
Following Guan et al. [2], we determine the threshold of extreme rainfall by using the 95% percentile method. 
The same method was done by the Intergovernmental Panel on Climate Change (IPCC) to determine the threshold 
of extreme precipitation [11]. The threshold is calculated using equation (1) as proposed by Walpole [12]. 
݄ܶݎ݁ݏ݄݋݈݀ ൌ ሺ݅ݔሺ݊ ൅ ͳሻͳͲͲ  
 
Where i is percentile (1, 2, ..., 99) and n is number of data. 
 
Rainfall data must be ordered first from the smallest to the largest value and the value of precipitation <1 mm / 
day is not included in the calculation of the threshold. The threshold values were then obtained with the 95% 
percentile method. We also compared the threshold rainfall extreme that given from equation (1) with a threshold 
calculated by equation (2). 
݄ܶݎ݁ݏ݄݋݈݀ ൌ ܽݒ݁ݎܽ݃݁݋݂ݎ݂݈݈ܽ݅݊ܽ ൅ ሺʹݔݏݐܽ݊݀ܽݎ݀݀݁ݒ݅ܽݐ݅݋݊݋݂ݎ݂݈݈ܽ݅݊ܽሻ (2) 
(1) 
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Rainfall exceed the threshold are then categorized as extreme rainfall events. Extreme rainfall events during 
1981-2013 will be recorded throughout date as the reference for collecting atmospheric parameters data to be used 
for composite map to explain the role of atmospheric conditions on the extreme rainfall events. 
Zonal and meridional wind data used to identify the direction and speed wind and the center of divergence / 
convergence which are calculated by equation (3) [13].  
a
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where a is earth radius, I is latitude, λ is longitude, u is zonal wind, v is meridional wind. 
 
This study was confined to the Indonesian region, especially in the range of 200 S - 200 N and 600 E - 1800 E, 
the latitude angle tangent value is quite small compared to the radius of the earth (a), so that the third term of 
equation (3) can be ignored. Because a cosI dO = dx (zonal distance) and a dI =dy (meridional distance), then the 
equation (4) can be written as: 
y
v
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Specific humidity data is used to estimate the water vapor transport which is calculated by equation (5) [3]. 
Therefore the outgoing longwave radiation (OLR) data is used to indicate the cloud condition. 
ܳ ൌ ଵ௚ ׬ ݍܸ݀݌
௣௧
௣௦    
 
where Q is moisture transport, g is gravitation, q is specific humidity, V is wind vector, dp is pressure changing, 
ps is surface pressure (1000 hPa), pT is top pressure (300 hPa). 
3. Results 
 3.1. Threshold determination of extreme rainfall 
Extreme rainfall is rain events exceeding the threshold extreme calculated by equation (1) and (2). The threshold 
values resulting from the calculation method of 95% percentile and average method + (2 x standard deviation) have 
the results of each 67 mm and 66.7 mm, respectively (Table 2), so that these values are used for the determination of 
extreme rainfall. Daily rainfall distribution in 1981-2013 December-January-February (DJF) is depicted in Fig. 1. 
The rainfall exceeds the threshold extreme rainfall (black line) recorded as of the date of extreme rainfall events are 
shown in Table 3. 
 
Table 2. Threshold and the number of extreme rainfall events years 1981-2013 in Katulampa 
Method Percentile 95% Average + (2 x stdev) 
Season Threshold (mm) Extreme numbers (days) Threshold (mm) Extreme numbers (days) 
DJF 67 86 66.7 86 
 
(3) 
(4) 
(5) 
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Fig. 1. DJF rainfall and limits on extreme rainfall events in Katulampa years 1981 to 2013. 
Table 3. Date of extreme rainfall events on DJF in Katulampa the with 95% percentile method. 
Year January February December 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
- 
30 
- 
13 
14, 17 
- 
12, 13 
20 
- 
- 
12 
- 
21, 30 
26 
- 
3, 5 
3 
13, 24 
1 
25 
- 
29, 31 
- 
18, 23, 26 
18 
- 
29 
1, 17 
20 
9 
- 
- 
15 
- 
- 
8, 16 
7 
4 
- 
11, 27 
25 
12 
- 
- 
8, 26 
- 
- 
8 
10 
- 
6 
- 
- 
8, 26 
- 
3, 4, 7, 13 
- 
- 
9 
3, 16, 17 
- 
- 
12, 17 
- 
22 
- 
25, 26 
20 
22 
- 
- 
13, 27 
- 
- 
3, 5 
- 
19, 24 
9, 15 
2 
- 
7 
- 
2 
- 
- 
- 
- 
25 
- 
11, 19 
- 
- 
3, 5, 7, 10 
3 
23 27 
4 
24, 27 
8, 23 
- 
 
It is seen in Fig. 2 that inter-annual variability of frequency of extreme rainfall events in Katulampa. The number 
of extreme rainfall occurred about 2-3 days in a year. The largest number occurred in 2007 (8 days), while in 1990 
did not occur the extreme rain in Katulampa.  
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Fig. 2. The frequency of extreme rainfall events years 1981-2013 in Katulampa. 
3.2. Atmospheric circulation in extreme rainfall events in Katulampa 
Rainfall will increase in case of heavy rains and evenly distributed. The amount of rainfall and its distribution is 
determined by the type of clouds, one of which is the convective clouds. Convective clouds are formed due to 
removal of air masses are large and focused on an area that is affected by atmospheric circulation (zonal and 
meridional wind movement). 
 
 
 
 
Fig. 3. Surface pressure of the average DJF (a) and extreme rainfall events (b) years 1981-2013 in Katulampa. 
A 
B 
160   Gigih Bangun Wicaksono and Rahmat Hidayat /  Procedia Environmental Sciences  33 ( 2016 )  155 – 166 
Naturally, the wind blows due to the pressure difference is from high pressure to the low pressure. Fig. 3a shows 
the distribution of regions with high and low pressure when the DJF (Climatology) and during extreme rainfall 
events observed in Katulampa. Fig. 3b shows the high (low) pressure is observed in the northern (southern) latitudes. 
These patterns are typically observing in DJF. However, the pressure over the South China Sea is increasing during 
extreme rainfall event. It implies that the occurrence of cold surge as variations between seasons of monsoon Asia-
Australia often observed in November to March [5].  Fig. 3a and 3b also show the pressure in Australia is lower than 
the southern Indian Ocean due to the heating in mainland. 
In addition, Fig. 3b shows the center of the cyclone observed in the Indian Ocean during the extreme rainfall 
events. Kantha et al. [14] and Yamada et al. [15] stated that frequency of cyclone centered in the Indian Ocean due 
to the transfer of energy towards the west along with the Asian monsoon, hence the movement of the wind will be 
focused in the regions. 
 
 
 
 
Fig. 4. Wind on average DJF (a) and extreme rainfall events (b) years 1981-2013 in Katulampa. 
 
Fig. 4a and 4b show wind direction during DJF season and the extreme rainfall events. The winds blow from the 
north to south through the South China Sea to the Strait Karimata and from south to north through the Indian Ocean 
region. The wind speed is increased during extreme rainfall event (Fig. 4b). Hattori et al. [5] argue that the 
increasing of wind speed is called a cold surge. Cold surge occurs due to the variations in pressure and wind speed 
over the South China Sea. Two-way movement of the wind brings moisture from the Pacific Ocean and from the 
South China Sea. Such moisture leads to convergence region and gradually enhancing the convective clouds and 
heavy rains in Jakarta [6]. 
A 
B 
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The wind is carrying huge moisture by transporting water vapor. This transport of water vapor is a large scale in 
the lower troposphere [16]. Fig. 5 shows the transport of water vapor during extreme rainfall events. Fig. 5a and 5b 
also show the highest water vapor transport in the Java Sea and the Indian Ocean. The Pacific Ocean and the South 
China Sea act as a source of water vapor. This centralized water vapor will trigger the formation of convective 
clouds in the cyclonic area. 
 
 
 
Fig. 5. Transport of water vapor in extreme rainfall events 
Center of convergence region and cloud formation can be identified from the Outgoing Longwave Radiation 
(OLR). The centers of convergence are shown in blue and red color in Fig. 6a and 6b. During the extreme events 
convergence center in the Indian Ocean is getting stronger. 
 
 
 
 
Fig. 6. Divergence and convergence of surface winds on average DJF (a) and extreme rainfall events (b) years 1981-2013 in Katulampa. 
A 
B 
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Fig. 7. Outgoing longwave radiation (OLR) on average DJF (a) and the extreme rainfall events (b) years 1981-2013 in Katulampa. 
This convergence patterns show ITCZ happened in the southern hemisphere in DJF (Fig. 6). ITCZ is 
synonymous with the formation of convective clouds that may be suspected of OLR. OLR values indicate the 
thickness of the cloud. The smaller the value of OLR indicate clouds increasingly thick. This occurs because the 
grain of the water contained in the clouds can absorb the energy of long-wave radiation emitted by the earth surface. 
Fig. 7 shows the OLR in average conditions DJF and extreme events. Both of the images show the OLR around 
the Sunda Strait to the Java Sea less than 190 W / m2. This value indicates a thick cloud cover in the region that 
affects an increasing in the intensity of rainfall in Katulampa. However, in the event of extreme convective clouds 
are formed larger and centered on the Indian Ocean, Indonesian Islands to the Western Pacific Ocean as indicated by 
OLR values between 190-210 W / m2 (Fig. 7B). 
 
 
 
Fig. 8. Outgoing longwave radiation anomalies on the extreme rainfall events in Katulampa. 
 
A 
B 
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OLR anomalies (Fig. 8) obtained from the difference between the values of OLR in extreme rainfall events in 
Katulampa with an average value of OLR DJF months. OLR is negative indicates a clouds thicker. Visible cloud 
cover distributed throughout the Indonesian archipelago, but the West Java has a thickness greater than the cloud of 
other Indonesian areas indicated by anomalous OLR -5 W / m2. The Areas with the most density of cloud cover 
central Indian Ocean cyclonic happens when extreme rainfall events with OLR anomalies value of -15 W / m2. 
3.3. Madden-Julian Oscillation influence on Atmospheric Circulation in extreme rainfall events in Katulampa 
Madden-Julian Oscillation (MJO) is the intra-seasonal energy transfer system on ocean-atmosphere interactions 
that have a significant impact on the atmospheric circulation in the Indian Ocean Island States of Indonesia, and the 
Pacific Ocean to the west. MJO occurrences may result in intra-seasonal variability and instability can strengthen 
the internal conditions that affect the response of the ocean circulation of the atmosphere above it. The atmospheric 
circulation will result in increased rainfall in the Indian Ocean region, the West Coast of Sumatra and Indonesia 
Island States [17]. 
 
 
 
 
 
 
Fig. 9. Transport of water vapor when the MJO [phase 1 and 8 (A), phases 2 and 3 (B), phase 4 and 5 (C), phases 6 and 7 (D)] and anomalous 
OLR when MJO [phase 1 and 8 (E), phases 2 and 3 (F), phase 4 and 5 (G), phases 6 and 7 (H)] in the extreme rainfall events in Katulampa. 
Hidayat and Kizu [18] have examined the impact of the MJO variability of rainfall in Indonesia with the data of 
five daily average of rainfall during 1979-1990 from 31 stations throughout Indonesia rain, wind components (zonal, 
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meridional, and vertical), and long-wave radiation. Rainfall in Indonesia increased by 1-3 mm / day on the mainland 
and 5 mm/day in the ocean during MJO events. This difference is due to the topography of the land factor is more 
varied than the sea, so that local factors more influential than the MJO. 
Anomalous conditions of water vapor transport and OLR when the MJO in extreme rainfall events in Katulampa 
are divided into several MJO phases based on the division of occurrence (Fig. 9). According to Wheeler and Hendon 
[19] MJO is divided into 8 regions, namely phase 1 in Africa, the phase 2 and 3 in the Indian Ocean, phases 4 and 5 
in the Indonesian archipelago, phases 6 and 7 in the Pacific Ocean west and phase 8 in the western hemisphere (near 
America). 
Fig. 9 (A, B, C, D) show anomalous water vapor transport time of the MJO. It can be seen that in each drawing, 
the transport of water vapor moves toward convergence centers are characterized by wind direction. Convergence 
Center has the potential to become the center of cloud formation because of the removal of the air mass in the region. 
Water vapor in the air condenses to form water droplets gather into clouds. Center cloud formation can be indicated 
by a negative value of OLR anomalies in Fig. 9 (E, F, G, H). 
The Indonesian archipelago became the center of the divergence of water vapor transport while MJO phase 1 and 
8. Fig. 9A shows the direction of the dominant moisture transport stir towards the northwest Indian Ocean and the 
Pacific Ocean to the east toward the center of convergence. This convergence center can be identified on the 
negative OLR anomalies in the northern part of the Indian Ocean and the Pacific Ocean Middle section (Fig. 9E). 
Water vapor when the MJO phases 2 and 3 (Fig. 9B), moving from the Pacific Ocean to the Indian Ocean. Water 
vapor Get together and form a cloud surrounding the Indian Ocean region to Sumatra and Java are marked with 
negative OLR (Fig. 9F). Instead, the MJO phases 4 and 5 (Fig. 9C) changed the direction of transport moisture from 
the Indian Ocean to Pacific Ocean. The amount of water vapor passing through Indonesia is quite large and evenly, 
so the clouds that form a very broad covering all the islands of Indonesia to the western Pacific Ocean (Fig. 9G). 
MJO phase regions 6 and 7 are in the western part of the Pacific Ocean. Fig. 9D shows the transport of water 
vapor is concentrated in the region and cloud thick (Fig. 9H) is in the same area. The water vapor transport 
convergence Pattern of all MJO events closely related to the formation of clouds in the path. But of all phases of the 
MJO, only phases 2,3,4, and 5, which could increase rainfall in the area of West Java, based on the direction of 
water vapor transport and OLR anomalies in this phase. 
3.4. Effect of Cold Surge on Atmospheric Circulation in extreme rainfall events in Katulampa 
Cold surge is meridional winds at a speed greater than 8 m / s blowing towards the south at coordinates 15 LU 
and 1100 BT - BT 117.50 (Fig. 4). Hattori et al. [5] describe the incident there were 11 cold surges that significantly 
affect the increasing of rainfall in the Indonesian archipelago, especially in the north of the island of Java. Previous 
research suggests that the incidence of cold surge characteristics are very dependent on temperature and pressure 
conditions in the northern South China Sea. Other studies showed that there is no association between the 
occurrence of cold surge in the northern region of the South China Sea with the variation of convection in the 
equatorial region. Compo et al. [20] found a strong correlation between the cold surge in 150 LU, 1150 BT and 
convective activity in the southern part of Indonesia. 
Cold surge blows from mid-latitude regions, Indochina and Peninsular Malaysia to Indonesia through the South 
China Sea with a large mass of water vapor. This event will trigger the formation of convective clouds and can 
increase the intensity of rain in the Indonesian archipelago, especially Java Sea. Rainfall is not increased 
immediately when a strong surge of cold events, but an increasing in precipitation occurs when cold surge weakened. 
This happens because of the grace period shown in Fig. 10 which explains that the strong cold surge that occurred in 
the South China Sea today will enhance precipitation in Katulampa one day later. Takahashi [21] states that the low 
cloud formation is inversely related to the incidence of cold surge. The strong Cold surge will move water vapor in 
the region. But on the first day up to second after a cold surge crossed, began intensive cloud formation and the peak 
occurred on the fourth day when the cold surge has weakened. 
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Fig. 10. Relationship of precipitation with meridional wind on cold surge events in extreme rainfall events in Katulampa. 
4. Conclusion 
There are 86 DPE events on DJF 1981-2013 using Pencentile 95% with threshold value is 67 mm. MJO and Cold 
Surge trigger the strengthening of wind. The strengthening of wind affects the water vapor transport and triggers the 
convective cloud formation in the upper of Java Island. The influence of MJO to increase the rainfall in Katulampa 
occurs on phase 2,3,4,5. In term of Cold Surge, there is a time lag (1-2 days) between the occurrence of cold surge 
with the increasing of rainfall in Katulampa. The result shows that the regional atmospheric circulation (which is 
influenced by MJO and Cold Surge events) affects the increasing rainfall in Katulampa. 
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